INTRODUCTION
The p r o b l e m of e l e c t r o m a g n e t i c s c a t t e r i n g by a conducting body of revolution, illuminated by a plane wave incident from some arbitrary direction is considered. The geometr y of the p r o b l e m is shown in Fig.l . The body is generated by the arc C revolving around the z-axis.
The objective is to compute the scattered far fields and radar cross-section of the body of revolution. In this paper, the electric field integral equation which enforces the total tangential electric fields on the surface of the body to be zero is used to solve the problem. First, equivalent electric currents are p o s t u l a t e d on the surface of the body. The scattered field is expressed in terms of these equivalent currents. The electric field integral equation is then solved numer i c a l l y to obtain the surface currents. The surface currents are then used to obtain the radar cross-section and far-fields.
The n u m e r i c a l sol u t i o n of the i n tegral e q u a t i o n is obtained using the m e t h o d of moments. First, the surface c u r r e n t s are e x p a n d e d in a set of a p p r o p r i a t e b a s i s functions. The resulting equation is then tested with a set of weighting functions to obtain a matrix equation with the coefficients of the currents as unknowns.
The currents are expanded in a Fourier series in the azimuthal (<))) direction and tested with the conjugates of these expansion functions.
This results in the decoupling of the equations of various azimuthal modes. The advantage of this is that one can solve several smaller matrices corresponding to a two dimensional problem and combine these solutions to obtain the solution for the body of revolution problem.
T h e r e a re s e v e r a l p o s s i b l e c h o i c e s of the e x p a n s i o n / t e s t i n g functions in the t-d i r e c t i o n ( t h e axial direction -see Fig. 1 ) for the current. In this paper, two classes of expansion functions namely, sub-domain and entiredomain functions are considered. Two programs, PBOR and GBOR have be e n developed. PBOR uses sub-domain pulse basis functions and testing functions. GBOR uses entire-domain Gaussian basis and testing functions. The advantages and disadvantages of each of these approaches as well as some numerical examples are presented.
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FORMULATION
Co nsider a conduc t i n g body of revolution s i t u a t e d in homogeneous space as shown in Fig. 1 . The body is illuminated by a pl a n e wave incident from some arbitrary angle. The total electric field at any point in space is the sum of the incident field and the field s c a ttered by the body. The total field tangential to the surface of the conducting body is zero. That is, electric field, E scat is the scattered field, and n is the outward p o inting normal unit vector on the surface of the scatterer (see Fig. 1 ) . Using equivalence principle, the scatterer can be replaced with a surface electric current J radiating in homogeneous space. The scattered field of (1) can then be expressed in terms of these equivalent currents as -total A w r_inc,_scati nxE = nx|E +E J = 0
( 1)
on the surface of the body. In (1), E inc is the incident E scat(r) = -jûJA(r)-VO(r) (2) with the potentials of (2) given by In (3) and (4), |i and £ are the parame t e r s of the homogeneous space and S denotes the surface of the scatterer.
The charge density p(r') of (4) can be expressed in terms of the surface current J as
The subscript s on the divergence operator denotes surface divergence. The homogeneous space Greens function G used in (3) and (4) is defined as -jkR G ( r , r') = 6 -
K with R b eing the distance betw e e n an o b s e r v a t i o n point r= (p,(j),z) and a source point r 1 = (p 1, < J > ', z ') . In cylindrical coordinates it is computed as R = |r-r'| = p 2+p'2-2pp'cos(<j)-<j>')+(z-z')2
Now we can combine (1) through (7) to get an integral equation as shown below.
n x E inc = n x | -^J J j ( r ' ) G ( r , r ' ) d S ' + -^v J j ( V , -. j ( r ' ) ) G ( r , r ' ) d s j s s
Our objective now is to solve this integral equation for the equivalent surface current J. This current can be used to obtain other quantities of interest such as scattered farfields or radar cross-section.
To obtain a solution, first we express the vector surface current of (8) as the sum of two orthogonal components on the surface J =
Here < j ) is the unit vector on the surface of the body, in the cylindrical coordinate system of Fig. 1 , and t is a unit vector on the surface of the body such that (n,<j>,t) form a right hand triad. The incident field E inc of (8) also can be expressed as the sum of its < J ) and t components.
Thus (8) can be written in component operator form as
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The pij's are integro-differential operators operating on the appropriate components of current. These are obtained by computing the dot product-of (8) with appropriate unit vectors and separating out the part and part. The explicit expressions for these operators are shown below.
P n ( j t) = -^" J J j t{siny sin/ cos(<|)'-<|)) + cosy cosY)GdS' has been used to obtain (11).
To obtain a solution for the unknown currents J-j-a n d J<j) of (11) , the method of moments is used. The first step in the solution procedure is to express the current using a set of suitable basis functions as shown below. Here the J 's are the unknown coefficients of current yet to be determined.
and N-j-are the n u mber of basis functions used to expand and respectively. Itmn of (12c) is defined as
The reason for solving for I^-1*111 rather than J t 11111 will be discussed later.
In ( ,pq t = T^e"3^ = a?(t)e-jpi, q=l," *,Nt (
,pq < D = T j e -Jp* = Uj(t)e-Jp*, q=i, *•*, Nÿ (13b) (12a) is used to test the first row of (10) and (12b) is used to test the second row.
To obtain the expressions for the matrix elements, the Greens function G appearing in (11) is expanded in a Fourier series as shown below.
-jkR
where
with R defined in (7) with ((j)-^') replaced with Testing (10) with (13) now decouples the equations for various azimuthal modes m.
The integrations in ( J ) and (j)' can be carried out analytically. The integrations in t and t' must be done numerically.
Also, the Greens function Gm is an integral. Thus a three dimensional numerical integration is required to obtain the matrix elements corresponding to p.
The generating arc C in over the field segments and the second summation is over the source segments. The total number of linear segments is F and the s'th linear segment extends from t s-i to t s .
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The i n t e grals of (15) have a s i n g u l a r i t y in the integrand when the source point coincides with the field point. For a discussion of the handling of the singular terms, see [2] .
As discussed earlier, the basis functions U<j) and can be either sub-domain or entire-domain functions. In the next section, pulse basis functions which are of the sub-domain type is considered. Observe that the U(j)S is confined to the s'th linear segment. Thus there are a total of F of these basis functions. That is, = F . On the other hand, we have chosen the U t s to straddle over two linear segments. There are a total of F-l of these, which implies that N t = F -l .
Sub-domain pulse basis functions
The first half of the first sub-section and the last half of the last sub-section is assumed to have zero t-d i r e c t e d current. This is not a correct assump t i o n if we are considering the current densities for a scatterer such as the one in Fig. 1 . However, we can solve for It = 2ftpJt , rather than J-J-itself. In this case, I-j-will be close to zero near the points where the generating approaches the axis, by virtue of p a p p r o a c h i n g zero. This is the reas o n for e x pandi n g the currents using I-j-rather than using Jt in (12c).
As mentioned previously, the testing functions used are conjugates of the expansion functions. Since the pulse basis and testing functions are confined to a small region of the generating arc of Fig. 2 , most of the terms of the double summation of (14) will drop out. The resulting expressions can be simplified as shown in (18) . In obtaining these expressions, the derivative of has been computed using finite differencing as _ L ( a n( t ,) ) = 9tA U t U " 0.5*(Atn+1+ A t n)
As mentioned earlier, the t integration is performed by doing one function evaluation per linear segment. This turns out to be one function evaluation per testing function.
These function evaluations are done at the center of each testing function. The expressions for the elements of the mom e n t m a t r i x for a z i m u t h a l mode m us i n g p u l s e basis functions are given on the following pages. \l/(ti, t 2, t q , m) = Gm( t q, t ' ) d t '
with Gm defined in (14) and (7). The % 's of (18) are defined Since each function of the basis set extends over the entire span of the scattering structure, the integrations required to obtain the expressions for p's must be carried out over the entire structure. This causes the computation time required to obtain a solution using the entire-domain basis set to be considerably larger than that using subdomain basis set. However, using the entire-domain basis set one can obtain about the same degree of accuracy in solution by solving a smaller matrix than would be required if subdomain basis set were used.
Incident field
An arbitrarily polarized incident plane wave field E inc In the case of sub-domain expansion/testing scheme, we can simplify the summations of (24) because the testing functions are confined to a small part of the scatterer.
Summation over the modes
The expressions for the m a t r i x elements and forcing functions given in (15) and (24) ' pit -P7Ì _PSi P"2.
.-PIT PI".
Similarly, the forcing functions are related as follows. Again, the superscripts denote to the component of incident field that is producing the c u r r e n t s . Because of this relationship between coefficients of current for the p ositi v e and n e gative modes, we need to cal c u l a t e the currents of the positive modes.
Computation of Radar Cross-section
The scattered fields can be computed as the radiation field field from the equivalent surface currents. Using r e c i p r o c i t y [1] , the e x p r e s s i o n s for this field can be written as cross-section for this sphere computed using the two methods.
The two solutions are very close to each other. Table 1 compares the computation times required for each method. The time used by the entire-domain program is about twice that required for the sub-domain program. Table 1 , the entire domain program results achieves a savings in the matrix size, but at the expense of more computer time. 
DESCRIPTION OF PROGRAMS
